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[57] ABSTRACT

A semiconductor device comprises a half-bridge circuit,
one of the two arms or elements of which is a thyrister,
and the other is a bi-polar transistor. It is structured
vertically as a single semiconductor chip with a primary
conductor type cathode area of the thyrister and a pri-
mary conductor type collector area of the bi-polar tran-
sistor shared as common areas. A first isolation area is
formed between a intermediate layer of the thyrister
and the above described common area. A second isola-
tion area 1s formed in the first isolation area provided
between the intermediate layer of the thyrister and the
base area of the bi-polar transistor. Because the upper
and lower arms of the half-bridge are vertically struc-

tured, the circuit provides for excellent area efficiency,
current amplification factor, and current capacity. No

specific isolation layers are required to isolate the upper
arm from the lower arm. The first and second isolation
areas suppress leakage current generated by the forma-
tion of incidental npn and pnp structures. Additionally,
vertically structured single semiconductor chip hali-
bridge circuit are described comprising a p-channel
IGBT as an upper arm and an n-channel MOS as a
lower arm, or comprising a p-channel MOS as an upper
arm and an n-channel IGBT as a lower arm.

4 Claims, 14 Drawing Sheets
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SEMICONDUCTOR DEVICE FOR CONTROLLING
ELECTRIC POWER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor
device for controlling electric power, and more specifi-
cally to a semiconductor comprising a thyrister and a
bi-polar transistor, or an IGBT (Insulated Gate Bi-polar
Transistor) and MOS (Metal-Oxide-Silicon), forming a
half-bridge circuit structured vertically on one semicon-
ductor chip.

2. Description of the Related Art

Conventionally, an H bridge circuit is used to control
the clockwise/counterclockwise rotation of a motor.
F1G. 1 shows a general view of an H bridge circuit. For
example, a motor M operates in clockwise rotation
when an electric current flows in the direction of arrow
J1, while it operates in counterclockwise rotation when
an electric current flows in the direction of arrow Jo.

‘The H bridge circuit is formed by a plurality of semi-
conductor chips each comprising a transistor and being
connected to others via lines.

In this case, a small-size apparatus can be realized if a
plurality of transistors forming a half-bridge circuit, that
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i, a half of an H bridge, can be integrated into one

semiconductor chip. At this time, it is optimal to form a
half-bridge circuit with high-performance vertically-
structured transistors in which an electric current flows
through a semiconductor .substrate. However, it is very
difficult to form a half-bridge circuit as one semicon-
ductor chip because the transistors forming the upper

and lower arms must be electrically separated from one
another.

FIG. 2 shows a conventional commonly-used half-
bridge circuit. FIG. 2A shows an example of the gen-
eral configuration of the circuit, while FIG. 2B shows
an equivalent circuit.

As shown in FIG. 2A, the conventional half-bridge
circuit comprises a semiconductor chip 71 having a
vertical type pnp transistor, a semiconductor chip 72
having a vertical type npn transistor, and a semiconduc-
tor chip 73 having a control IC, each being mounted on
a substrate 74.

As shown in FIG. 2B, an output of the half-bridge is
obtained at the connection point between the collector
of the pnp transistor, that is, an upper arm, and the
collector of the npn transistor, that is, a lower arm.

FI1G. 3A shows a sectional view of the internal struc-
ture of the semiconductor device having a half-bridge
circuit comprising two bi-polar transistors on one semi-
conductor chip. FIG. 3B shows an equivalent circuit.

As shown in FIG. 3A, an n—-type area 82 is formed

on one area of an n+-type semiconductor substrate 81,

a pT-type area 83 1s formed on the n—-type area 82, and
an n+-type area 84 1s formed on the p+-type area 83.
On the other hand, an n—-type area 86 is formed on
the other area of the n*-type semiconductor substrate
81 and 1solated from the n—-type area 82 by a p-type
isolation area 85. p+-type areas 87, 88, and 89, and an
n+-type area 90 are formed over the n—-type area 86.
‘The above described n+-type area 81, the p+-type
area 83, and the nt+-type area 84 are respectively a
collector area, a base area, and an emitter area of the
vertically-structured npn transistor. A collector termi-
nal C,1s connected to the reverse surface of the n+-type
area 81, a base terminal By is connected to the top sur-
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face of the p+-type area 83, and an emitter terminal E,
is connected to the top surface of the n+-type area 84.
A ground terminal TG 1s connected to the p-type isola-
tion area 85 and to the emitter terminal Ey, whereby the
npn transistor i1s emitter-grounded.

The above described p+-type areas 87 and 88, n+-
type area 90, and p~+-type area 89 respectively function
as a collector area, a base area, and an emitter area of
the horizontally structured pnp transistor. Additionally,
a collector terminal Cy, is connected to the top surface
of the p*-type areas 87 and 88, a base terminal By is
connected to the top surface of the n+-type area 90, and
an emitter terminal E is connected to the top surface of
the p+-type area 89. The collector terminal C, of the
npn transistor is connected to the collector terminal Cy,
of the pnp transistor, and a half-bridge output terminal
Tz 1s connected to the connection point.

In an equivalent circuit shown in FIG. 3B, the pnp
transistor is an vpper arm of a half-bridge circuit and
formed as a horizontally structured element, and the
npn transistor is a lower arm of a half-bridge circuit and
formed as a vertically-structured element. Thus, a”
output of the half-bridge is obtained through the termi-
nal Ty extended from the connection point of the col-
lector terminals Cyand C;.

As described above, when a half-bridge circuit is
formed such that two transistors are connected to one
sermiconductor chip, the transistor of either the upper or
the lower arm is a horizontally structured element. In
the example shown in FIG. 3, the pnp transistor is an
upper arm and a horizontally structured element.

In the thus structured semiconductor device, a con-
trol circuit (not shown in FIG. 3) can be conveniently
integrated as a single semiconductor chip. However,
there is a problem in that the size of the semiconductor
chip becomes large depending on the size of the hori-
zontally-structured transistor. Furthermore, a layer for
electrically isolating a vertically-structured element
from a horizontally structured element must be pro-
vided, which counteracts the realization of a smaller
size semiconductor chip.

Generally, a horizontally structured transistor in
which an electric current flows just beneath the surface
of the semiconductor substrate is considerably inferior
both in current amplification factor and current capac-
ity to a vertically-structured transistor in which an elec-
tric current flows through the semiconductor substrate.
Therefore, the performance of the entire semiconductor
device comprising the above described half-bridge cir-
cuit is determined by an inferior horizontally structured
element, resulting in performance reduction.. Accord-
ingly, prior to the present invention effective merit
cannot be expected from integrating a half-bridge cir-
cuit with two transistors on a single semiconductor
chip.

SUMMARY OF THE INVENTION

The present invention has been developed based on
the above described background, and aims at forming a
small-size semiconductor device with the performance
secured by integrating a half-bridge circuit as a single
semiconductor chip.

That 1s, according to a first aspect of the present
invention, there is provided a half-bridge circuit on a
single semiconductor substrate, one of the two elements
comprising a vertically-structured thyrister, and the
other comprising a vertically-structured bi-polar tran-
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sistor. The half-bridge circuit has a common area shared
between a primary-conductor-type cathode area of the

thyrister and a primary conductor type collector area of

the bi-polar transistor.

The half-bridge circuit also has a first primary-con-
ductor-type isolation area formed between the second-
ary-conductor-type intermediate layer of the thyrister
and the primary,conductor-type common area.

Also, the half-bridge circuit has a second primary-
conductor-type isolation area formed in the first isola-
tion area between the secondary-conductor-type inter-
mediate layer of the thyrister and a secondary-conduc-
tor-type base area of the bi-polar transistor.

5,442,219
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current capacity, and yield high efficiency in the capa-
bilities of the upper and lower arms.

According to the second aspect of the present inven-
tion, the circuit comprises an isolation area formed
between the p-base area of the p-channel IGBT and the
n-type common area, and an isolation area formed be-

tween the p-base area of the p-channel IGBT and the
p-type body of the n-channel MOS.

Furthermore, according to the third aspect of the
present invention, the circuit comprises an isolation area
formed between the n-base area of the n-channel IGBT
and the p-type common area, and an isolation area

- formed between the n-type body of the p-channel MOS

With the above described configuration, an output of

the half-bridge circuit is obtained from the common

Therefore, the present invention realizes a high area-
efficiency based Ion its vertical structure, requires no
layers for electrically isolating an upper arm from a
lower arm, uses a small-size semiconductor chip, and
consequently realizes cost reduction. Furthermore, the
vertical structure greatly improves the current amplifi-
cation factor and current capacity, thereby realizing
high efficiency in the capabilities of the upper and lower
arms.

Since the present invention forms an isolation area
between the intermediate layer area and the common
area of the thyrister and between the intermediate layer
area of the thyrister and the base area of the bi-polar
transistor, it suppresses a leakage current generated by
an mcidental pnp structure or an incidental npn struc-
ture.

According to a second aspect of the present inven-
tion, a half-bridge circuit is integrated as a single semi-
conductor and comprises an upper arm of a vertically-
structured p-channel IGBT and a lower arm of a verti-
cally-structured n-channel MOS. It has an n-type com-
mon area between the n-collector area of the p-channel
IGBT and the drain area of the channel MOS.

It also has a first n-type isolation area formed between
the p-base area of the p-channel IGBT and the n-type
common area.

In addition, it has a second n-type isolation area
formed in the first 1solation area between the p-base area
of the p-channel IGBT and the p-type body of the n-
channel MOS.

Thus, an output of the half-bridge is obtained from
the above described common area. |

Furthermore, according to a third aspect of the pres-
ent invention, a half-bridge circuit is integrated as a
single semiconductor and comprises an upper arm of a
vertically-structured p-channel MOS and a lower arm
of a vertically-structured n-channel IGBT.

It also has a p-type common area between the drain
area of the p-channel MOS and the p-emitter area of the
n-channe] IGBT.

In addition, it has a first p-type isolation area formed
between the n-base area of the n-channel IGBT and the
p-lype common area.

Also, 1t has a second p-type isolation area formed in
the first isolation area between the n-type body of the
p-channel MOS and the n-base area of the n-channel
IGBT.

Thus, an output of the half-bridge is obtained from
the common area. -

Consequently, the second and third aspects as well as
the first aspect of the present invention use a small-size
semiconductor and realize effective cost reduction.
They also improve the current amplification factor and
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and the n-base area of the n-channel IGBT.

Consequently, the second and third aspects as well as
the first aspect of the present invention suppress a leak-
age current generated by an incidental pnp structure or
an incidental npn structure.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and features of the present invention
can be easily recognized by referring to the attached
drawings and the descriptions of the preferred embodi-
ments of the present invention.

FIG. 1 shows the general view of an H-bridge circuit;

FIGS. 2A and 2B show a conventional commonly-
used half-bridge circuit. FIG. 2A shows an example of
the general configuration of the circuit, and FIG. 2B
shows an equivalent circuit;

FIG. 3A shows a sectional view of the internal struc-
ture of a half-bridge circuit comprising two bi-polar
transistors integrated as a single semiconductor, and
FIG. 3B shows an equivalent circuit;

FIG. 4A shows a sectional view of the internal struc-
ture of the semiconductor device according to the first
embodiment of the present invention, and FIG. 4B
shows an equivalent circuit;

FIGS. SA and 5B show that the upper arm and the
lower arm are electrically isolated from each other in
the semiconductor device shown in FIGS. 4A and 4B.
FIG. SA shows the configuration when the upper arm is
on and the lower arm 1s off, and FIG. 5B shows the
configuration when the upper arm is off and the lower
arm 1S on;

FI1G. 6 shows that the upper arm and the lower arm
are electrically isolated from each other in the semicon-
ductor device shown in FIGS. 4A and 4B, wherein both
arms are off;

FIG. 7 shows a sectional view of the internal struc-
ture of the semiconductor device when no areas for
preventing leakage current are formed in the semicon-
ductor device shown in FIG. 4;

FIG. 8 shows a sectional view of the internal struc-
ture of the semiconductor device in which the conduc-
tor types are reverse to the first embodiment;

FIG. 9A shows a sectional view of the internal struc-
ture of the semiconductor device according to the sec-
ond embodiment of the present invention, and FIG. 9B
shows an equivalent circuits;

FIGS. 10A and 10B show that the upper and lower
arms are electrically isolated from each other when the

upper arm is on and the lower arm is off in the semicon-
ductor device shown in FIG. 9. FIG. 10A shows a

- sectional view of the internal structure of the semicon-

ductor device, and FI1G. 10B shows an equivalent cir--
cuit;

FIGS. 11A and 11B show that the upper and lower
arms are electrically isolated from each other when the



5,442,219

S
upper arm is off and the lower arm is on in the semicon-
ductor device shown in FIG. 9. FIG. 11A shows a
sectional view of the internal structure of the semicon-
ductor device, and FIG. 11B shows an equivalent cir-
cuit;

FIG. 12 shows a sectional view that the upper and
lower arms are electrically isolated from each other
when both upper and lower arms are off in the semicon-
ductor device shown in FIG. 9;

FI1G. 13 shows a sectional view of the internal struc-
ture of the semiconductor device according to the sec-
ond embodiment in which a control circuit can also be
formed; and

FIG. 14A shows a sectional view of the internal
structure of the semiconductor device according to the
third embodiment of the present invention, and FIG.
14B shows an equivalent circuit.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 4A shows a sectional view of the internal struc-
ture of the semiconductor device according to the first
embodiment of the present invention, and FIG. 4B
shows an equivalent circuit.

As shown in FIG. 4A, an epitaxial growth is applied
over an nt-type substrate 11 such as silicon, etc. to
form an n—-type area 12. The n—-type area 12 is divided
into two n—-type areas 12g and 1256 by an n+-type area
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13, that is, an isolation layer. A predetermined depth of 30

a p-type area 14 is applied over the n—-type area 12a,
and a predetermined depth, not so deep as the p-type
area 14, of an n+-type area 13 is applied over the p-type
area 14.

A p—-type area 16 is applied over the n—-type area
12b. A predetermined depth of an n-type area 17 is
applied over the p—-type area 16, and a predetermined
depth, not so deep as the n-type area 17, of a pT-type
arca 18 is applied over the n-type area 17.

The n+-type area 11, the p-type area 14, and the
nt-type area 1§ are, respectively, a collector area, a
base area, and an emitter area of a vertically-structured
npn transistor. A base terminal B is connected to the top
surface of the p-type area 14, and an emitter terminal E
1s connected to the top surface of the n+-type area 15.

‘The n+-type area 11, then-type area 17, and the p+-
type area 18 are, respectively, a cathode area, a gate
area, and an anode area of a vertically-structured pnpn
thyrister, and the p—-type area 16 is an intermediate
layer. A gate terminal G is connected to the top surface
of the n-type area 17, and an anode terminal A is con-
nected to the top surface of the p+-type area 18. The
n+t-type area 11 1s shared by the npn transistor and the
pnpn thyrister and functions as a common collector/-
cathode area. From the reverse surface of the n+-type
area 11, a common terminal T is connected for use as
a collector terminal C, a cathode terminal K, and a
half-bridge output terminal.

In the equivalent circuit shown in FIG. 4B, the upper
arm 1s formed by a vertically-structured pnpn thyrister,
while the lower arm is formed by a vertically-structured
npn transistor. The output of the half-bridge circuit is
obtained from a common terminal Ty extended from
the connection point between the collector terminal C
and the cathode terminal K.

Next, the operation of isolating the thyrister from the
bi-polar transistor according to the first embodiment is
explained as follows.
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Assume that, in the equivalent circuit shown in FIG.
4B, the pnpn thyrister is an upper arm and in an “on”
state, and the npn transistor is a lower arm and in an
“off” state. At this time, the potential at the connection
point of the thyrister pnpn is maintained at the level of
the ON voltage (about 0.6V) of each connection point.
On the other hand, the npn transistor is in an “off”’ state,
and the base potential is lowered.

Accordingly, as shown in FIG. SA, the potential of
the collector area 11 of the npn transistor rises to a high
level in accordance with the ON potential of the cath-
ode area 11, that 1s, the common area of the pnpn thyris-
ter. Therefore, the n-type area 12a becomes higher in
potentials than the p-type area 14, that is, the base area
of the npn transistor. Consequently, the pnpn thyrister
as an upper arm 1s electrically separated from the npn
transistor, is, a Jower arm by a depletion layer S; (indi-
cated by diagonal shading) between the collector and
the base of the npn transistor formed in the n—-type area
12a.

Next, assume that in the equivalent circuit shown in
FIG. 4B, the pnpn thyrister is an upper arm and in an
“off”” state, and the npn transistor is a lower arm and in
an “‘on” state. At this time, the collector potential of the
npn transistor is lowered. On the other hand, the pnpn
thyrister is in an “off” state, and the cathode potential is
lowered.

Therefore, in FIG. 5B, the potential of the gate area
17 of the pnpn thyrister is raised to a high level, and the
n-type area 17 becomes higher in potential than the
p—-type area 16. Accordingly, a depletion layer S;
(indicated by diagonal shading) between the gate and
the cathode of the pnpn thyrister formed in the p—-type
area 16 electrically isolates the pnpn thyrister, the upper
arm, from the npn transistor, the lower arm.

If the pnpn thyrister is an upper arm, and the npn
transistor 1s a lower arm, both being in an “off state,
then the depletion layers S;and S; between the base and
the collector of the npn transistor and between the gate
and the cathode of the pnpn transistor electrically iso-
late the upper arm from the lower arm as shown in FIG.
6.

Next, the operation of the n+-type area 13 and the
n—-type area 120 in the above described structure is
explained as follows.

First, assume that, as shown in FIG. 5A, the pnpn
thyrister is an upper arm and in an “on” state, and the
npn transistor i1s a lower arm and in an “off”’ state. At
this time, the main current Iys flows as shown in FIG.
SA. Unless the nt-type area 13 is provided, an inciden-
tal pnp structure is formed between the p—-type area 16
and the n—-type area 12 of the pnpn thyrister, and the
p-type area 14, that 1s, the base area of the npn transis-
tor. In this case, a leakage current Igccan be generated.
To prevent the problem, the n+-type area 13 is pro-
vided as an isolation area, thereby suppressing the leak-
age current Igc and lowering the current amplification
factor B of the incidental pnp structure.

The provision of the n+-type isolation area 13 gener-
ates a high density area, higher than the n—-type area
12a, in the n—-type area 12q, that is, the base area of the
incidental pnp transistor. In this case, a carrier is regen-
erated in the n¥-type isolation area 13. Consequently,
the leakage current Igc can be suppressed and the cur-
rent amplification factor 8 of the incidental pnp struc-
ture 1s lowered.

Assume that the npn transistor 1s 2 lower arm and in
an ““on” state, and the pnpn thyrister is an upper arm
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and in an “off” state as shown in FIG. 5B. At this time,
the main current I s flows as shown in FIG. 5B. Unless
the n—-type area 12b is provided, an incidental npn
structure 1s formed between the n+-type semiconductor
substrate 11, that is, the common collector cathode area,
and the p—-type area 16 of the pnpn thyrister, and the
n-type area 17, that is, the gate area of the pnpn thyris-

ter. Then, the leakage current Iceo flows through the
structure. The n—-type area 125 which is provided as an

isolation area to prevent the problem, reduces the car-
rier injection efficiency from the n+-type semiconduc-
tor substrate 11, that is, the common collector cathode
area, and suppresses the leakage current Icgo.

The provision of the n—-type isolation area 126 gen-
erates a low density area, lower than the n+-type sub-
strate 11, on the n+-type substrate 11 corresponding to
the emitter area of the incidental npn transistor. This
means that the density of the emitter area of the inciden-
tal npn transistor is lowered, resulting in the reduction

5
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15

of the emitter injection efficiency and the suppression of 20

the leakage current Icgo.

F1G. 7 shows a sectional view of the internal struc-
ture of the semiconductor device according to the first
embodiment when an area for suppressing the leakage
current is not formed. In this case, p—-type area 16 is
formed 1n series over the n+-type semiconductor sub-
strate 11.

235

The n—-type area 125 1s formed in the process of '.

forming the n—-type area 12 over the n+-type semicon-
ductor substrate 11. The nt-type area 13 can be easily
formed by being diffused over the n—-type area 12 after
it has been formed.

According to the first embodiment, the pnpn thyris-
ter and the npn transistor are vertically structured to
integrate a half-bridge circuit on a single semiconductor
chip. In this case, the upper arm and the lower arm are
not horizontally structured and provide excellent in
area efficiency although a control circuit cannot be
loaded. Since no layers for electrically isolating the
upper arm from the lower arm are required, the semi-
conductor can be small enough and the production cost
can be reduced. Furthermore, since no arms are hori-
zontally structured, the semiconductor device is not
subject to performance deterioration in current amplifi-
cation factor or current capacity. Thus, the capabilities
of the upper and lower arms can be made most use of.
Additionally, leakage current between the upper arm
and the lower arm is suppressed.

Although a more detailed explanation is omitted here,
the present invention also realizes the semiconductor
device shown in FIG. 8 in which the conductor types
are reverse that of the first embodiment. Additionally,
an 1solation area for suppressing the leakage current is
not limited to the form described above, but can have
another shape.

Next, the second embodiment of the present inven-
tion is explained.

FI1G. 9A shows a sectional view of the internal struc-
ture of the semiconductor device according to the sec-
~ond embodiment. FIG. 9B shows an equivalent circuit.

As shown 1n FIG. 9A, an n—type area 22 is formed by
applying, for example, an epitaxial growth over an n+-
type structure 21 such as silicon, etc. The n—-type area
22 1s divided into two n—-type area 22a and 22b by an
nt-type area 23, providing an isolation layer.

‘Then, a silicon oxide film 24 is formed with its surface
oxidized over the n+-type substrate 21 incorporating
the n—-type area 22 and the n+-type area 23.
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A p-type area 25 1s formed, for example, by being
diffused over the n—-type area 22a. Then, the predeter-
mined depth of an n+-type area 26 is formed over the
p-type area 25.

That 1s, a vertically-structured n-channel MOS (here-
inafter referred to as an n-MOS) is formed on one area

of the n+-type substrate 21, comprising the p-type area
25 as a body, the nt-type area 26 as a source area, and
the n+-type substrate 21 as a drain area.

Then, a gate electrode 27 is formed on the silicon
oxide film 24 over the p-type area 25 with the contact of
the silicon oxide film 24 used as a gate oxide film ac-
cording to, for example, a vacuum deposition method,
etc. using aluminum.

Additionally, a source electrode 28 is formed well
over the n+-type area 26 exposed from the opening of
the sihicon oxide film 24 according to, for example, a
vacuum deposition method, etc. using aluminum as
described above.

Furthermore, a p-type area 30 is formed, for example,
by being diffused over the n—-type area 22b on the
other area of the n+-type substrate 21. Then, a predeter-
mined depth of an n-type area 31 is formed over the
p-type area 30, and a predetermined depth of a pt-type
area 32 is formed over the n-type area 31.

That 1s, a wvertically-structured p-channel IGBT
(hereinafter referred to as a p-IGBT) is formed on the
other area of the n+-type substrate 21, comprising the
n+-type substrate 21 as an n collector area, the p-type
arca 30 as a p base area, the n-type area 31 as an n base
area, and the p+-type area 32 as a p emitter area. The
n+-type substrate 21 is a drain/collector common area
used as a drain area of the n-MOS and an n collector
area of the p-IGBT.

Then, a gate electrode 33 is formed on the silicon
oxide film 24 over the n-type area 31 with the contact of
the silicon oxide film 24 used as a gate oxide film ac-
cording to, for example, a vacuum deposition method,
etc. using aluminum as described above.

Additionally, an emitter electrode 34 is formed well
over the pT-type area 32 exposed from the opening of
the silicon oxide film 24 according to, for example, a
vacuum deposition method, etc. using aluminum as
described above.

Furthermore, an electrode 35 is formed over the
reverse surface of the n+-type substrate 21 according to
a vacuum deposition method, etc.. The electrode 35is a
drain electrode of the n-MOS and a collector electrode
of the p-1GBT. | |

A gate terminal Gyasand a source terminal Sysare
respectively connected to the gate electrode 27 and the
source electrode 28. Likewise, a gate terminal Gpyand
an emitter terminal Epy are respectively connected to
the gate electrode 33 and the emitter electrode 34. Fur-
thermore, 2a common terminal Tg to be used as a drain
terminal Dysy, collector terminal Cpz, and half-bridge
output terminal is connected to the electrode 3S.

As indicated by the equivalent circuit shown in FIG.
9B, the upper arm is formed by a vertically-structured
p-1GBT, and the lower arm is formed by a vertically-
structured n-MOS. Then, an output of the half-bridge
circuit can be obtained through the common terminal
Tg extended from the connection point between the
drain terminal Dajasand the collector terminal Cpy.

Next, according to the above described second em-
bodiment, the operation of isolating the p-IGBT from
the n-MOS is explained.
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Assume that, in the equivalent circuit shown in FIG.
10B, the p-IGBT 1s an upper arm and in an “‘on” state,
and the n-MOS is a lower arm and in an “off’” state. At
this time, since the n-MOS is in an “off” state, the gate
potential 1s lowered, and the drain potential is at a high 5
level because the p-IGBT is in an “on” state.

Accordingly, as shown in FIG. 10A, the n-type area
22a 1s higher in potential than the p-type area 25, that is,
the body of the n-MOS. Therefore, a depletion layer S3
(indicated by diagonal shading) extended mainly over 10
the n-type area 224 is formed around the pn connection
between the p-type area 25 and the n-type area 22a.
Thus, the upper arm p-IGBT is electrically isolated
from the lower arm n-MOS.

Assume that, in the equivalent circuit shown in FIG. 15
11B, the p-IGBT is an upper arm and in an “off™ state,
and the n-MOS is a lower arm and in an “on” state. At
this time, since the n-MOS is in an “on” state, the drain
potential 1s lowered. Since the p-IGBT is in an “off”
state, the collector potential is also lowered. 20

Accordingly, as shown in FIG. 11A, the potential of
the n-type area 31, that is, the n base area of the p-
IGBT, 1s raised to a high level, and the n-type area 31
becomes higher in potential than the p-type area 30.
Therefore, a depletion layer S4 (indicated by diagonal 25
shading) is formed around the pn connection between
the p-type area 30 and the n-type type area 31. Thus, the
upper arm p-IGBT i1s electrically isolated from the
lower arm n-MOS.

If the upper arm p-IGBT and the lower arm n-MOS 30
are “off”’, then the depletion layers S;and S4are formed
between the gate and the drain of the n-MOS and be-
tween the n base and p base of the p-IGBT as shown in

FIG. 12. Thus, the upper arm is electrically isolated
from the lower arm. 35

Next, the operation of the n+-type area 23 and the
n—-type area 22b 1 the above described structure is
explained.

As shown 1n FIG. 10A, assume that the p-IGBT is an
upper arm and in an “on” state, and the n-MOS is a 40
lower arm and 1n an “off” state. At this time, the main
current Ips flows as shown in FIG. 10A. Unless the
n+-type area 23 is formed, an incidental pnp structure is
formed between the p-type area 30 and the n—-type area
22 of the p-IGBT, and the p-type area 25, that is, the 45
body of the n-MOS. Thus, a leakage current IEC may
flow through the structure. The n+-type area 23 which
is formed as an isolation area to solve the problem,
suppresses the leakage current 1gc which is not ex-
plained in detail here, and lowers the current amplifica- 50
tion factor of the incidental pnp structure.

As shown in FIG. 11A, assume that the n-MOS is a
lower arm and in an “on” state, and the p-IGBT is an
upper arm and in an “off” state. At this time, the main
current Iys flows as shown in FIG. 11A. Unless the 55
n—-type area 22b is formed, an incidental npn structure
1s formed between the nt+-type substrate 21, that is, the
common drain/n-collector area, and the p-type area 30,
and the n-type area 31. Thus, a leakage current Icgo
may flow through the structure. The n—-type area 225 60
which 1s formed as an isolation area to solve the prob-
lem, reduces the injection efficiency of a carrier from
the nT-type substrate 21, that is, the common drain/-n
collector, and suppresses the leakage current Icgo
which is not explained in detail here. 65

The n—-type area 220 i1s formed in the process of
forming the n—-type area 22 over the n+-type substrate
21. The nt-type area 23 can be easily formed, for exam-

10

ple, by being diffused over the n—-type area 22 after it
has been formed.

Thus, according to the second embodiment, the p-
IGBT and the n-MOS are vertically structured to inte-
grate a half-bridge circuit on a single semiconductor
chip. In this case, a control circuit comprising, for ex-
ample, a CMOS (Complementary Metal-Oxide-Silicon)
can be included as shown in FIG. 13.

That 1s, as shown in FIG. 13, the CMOS control
circuit comprises an n-MOS on a p well 33 and a p-MOS
on a n well 34 in a n—-type area 32 supplied with a
minimum potential and formed as being isolated from
the n+-type substrate 21 by the p+-type isolation area
31 on the right-hand area of the substrate 21, that is, the
lower arm n-MOS. The n-MOS in the p well comprises
an n+-type source area 47, an n+-type drain area 36,
pt-type channel stopper areas 37 surrounding the two
areas 47 and 36, a source electrode 38, a gate electrode
39, and a drain electrode 40. The p-MOS in the n well
comprises a pt-type source area 41, a pt+-type drain
area 42, nT-type channel stopper areas 43 surrounding
the two areas 41 and 42, a source electrode 44, a gate
electrode 45, and a drain electrode 46.

Thus, according to the second embodiment as well as
the first embodiment of the present invention, the upper
and lower arms are not horizontally structured, and
provide excellent area efficiency. Additionally, the
present invention requires no specific layers for electri-
cally 1solating the upper arm from the lower arm, real-
1zes a small semiconductor chip, and reduces produc-
tion cost. Since the arms are not horizontally struc-
tured, the current amplification factor and the current
capacity are not disadvantageously determined to re-
duce the performance of the whole device, and the
maximum possible efficiency of the upper and lower
arms can be successfully obtained. Furthermore, the
leakage current can be suppressed between the upper
and lower arms.

Additionally, since control circuits such as a CMOS
circuit, etc. can be integrated on a single semiconductor
chip, the present invention can greatly reduce the size
and the cost of the whole device.

Furthermore, since both upper and lower arms incor-
porate voltage control elements, improved switching
capabilities are realized, thereby reducing electricity
consumption and enabling the CPU to directly drive the
circuit according to the input through the TTL.

Next, the third embodiment of the present invention
is explained.

FIG. 14A shows the sectional view of the internal
structure of the semiconductor device according to the
third embodiment, and FIG. 14B shows an equivalent
circuit.

As shown in FIG. 14A, a p—-type area 52 is formed
by applying, for example, an epitaxial growth over a
p T-type substrate 51 such as silicon, etc. The p—-type
area 52 is divided 1nto two p—-type areas 52z and 526 by
a pT-type area 53, providing an isolation layer.

Then, a silicon oxide film 54 1s formed with its surface
oxidized over the p+-type substrate 51 incorporating
the p—-type area 52 and the pt-type area 53.

An n-type area 85 1s formed, for example, by being
diffused from above the p—-type area 52q. Further-
more, a predetermined depth of a pT-type area 56 is
formed over the n-type area 55.

That 1s, a vertically-structured p-channel MOS (here-
inafter referred to as a p-MOS) is formed on one area of
the pT-type substrate 51 with the n-type area 55 as a
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body, the p+-type area 56 as a source area, and the
pt+-type substrate 51 as a drain area.
Then, a gate electrode 57 is formed on the silicon

oxide film 54 over the n-type area 55 with the contact of
the silicon oxide film 54 used as a gate oxide film ac-

cording to, for example, a vacuum deposition method,
etc. using aluminum as described above.
Additionally, a source electrode 58 is formed well

over the p+-type area 56 exposed from the opening of

the silicon oxide film 54 according to, for example, a
vacuum deposition method, etc. using aluminum as
described above.

Furthermore, an n-type area 60 is formed, for exam-
ple, by being diffused over the p—-type area 52b on the
other area of the p+-type substrate 51. Then, a predeter-
mined depth of a p-type area 61 is formed over the
n-type area 60, and a predetermined depth of an n+-
type area 62 is formed over the p-type area 60.

Thus, a vertically-structured n-channel IGBT (here-
imafter referred to as an n-IGBT) is formed on the other
area of the p+-type substrate 51, comprising the p+-

S
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type substrate 51 as a p collector area, the n-type area 60

as an n base area, the p-type area 61 as a p base area, and
the n*-type area 62 as an n emitter area. The p+-type
substrate 51 is a drain/p collector common area used as
a drain area of the p-MOS and a p collector area of the
n-IGBT.

Then, a gate electrode 63 is formed on the silicon

oxide film 54 over the p-type area 61 with the contact of

the silicon oxide film 54 used as a gate oxide film ac-
cording to, for example, a vacuum deposition method,
etc. using aluminum as described above.

Additionally, an emititer electrode 64 is formed well

over the n+-type area 62 exposed from the opening of

the silicon oxide film 54 according to, for example, a
vacuum deposition method, etc. using aluminum as
described above.

Furthermore, an electrode 65 is formed over the
reverse surface of the pt-type substrate 51 according to
a vacuum deposition method, etc. using aluminum as
described above. The electrode 65 is a drain electrode
of the p-MOS and a collector electrode of the n-IGBT.

A gate terminal Gppsand a source terminal Spyr are
respectively connected to the gate electrode 57 and the
source electrode 38. Likewise, a gate terminal Gyand
an emitter terminal Epy are respectively connected to
the gate electrode 63 and the emitter electrode 64. Fur-
thermore, a common terminal Tz to be used as a drain
terminal Dpyys, collector terminal Cyyz, and half-bridge
output terminal is obtained from the electrode 65.

As indicated by the equivalent circuit shown in FIG.
14B, the upper arm is formed by a vertically-structured
p-MOS, and the lower arm is formed by a vertically-
structured n-IGBT. Then, an output of the half-bridge
circuit can be obtained through the common terminal
Ty extended from the connection point between the
drain terminal D parand the collector terminal Car.

The third embodiment has the opposite correspon-
dence of the upper and lower arms to the IGBT and the
MOS of the second embodiment, and the second and
third embodiments further have reversed conductor
types of IGBT and MOS from each other.

Next, according to the third embodiment, the opera-
tion of isolating the p-MOS from the n-IGBT is ex-
plained briefly. |

In the equivalent circuit shown in FIG. 14B, assume
that the p-MOS is an upper arm and in an “on” state,
and the n-IGBT is a lower arm and in an “off state. At
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this time, the configuration is almost the same as that
shown in FIG. 11A except that the conductor types for
the IGBT and the MOS are reversed from the device
shown 1n FIG. 11A.

In FIG. 14A, a depletion layer is formed around the
pn connection between the n-type area 60 and the p-
type area 61, and the upper arm is electrically isolated
from the lower arm.

In the equivalent circuit shown in FIG. 14B, assume
that the p-MOS 1s an upper arm and in an “off” state,
and the n-IGBT 1is a lower arm and in an “on” state.
At.,this time, the conductor types are reversed from the
device shown in FIG. 7A. In FIG. 14A, a depletion
layer is formed around the pn connection between the
n-type area 55 and the p-type area 52q, and the upper
arm 1s electrically isolated from the lower arm. |

When both upper and lower arms are in an “off”
state, the configuration is almost the same as that shown
in F1G. 12. In this case, the upper arm is also electrically
isolated from the lower arm.

Additionally, the p+-type area 53 is formed to sup-
press leakage current generated by the incidental npn
structure formed between the n-type area 60 and the
p-type area 52 of the n-IGBT, and the n-type area 55,
that is, the body of the p-MOS.

Furthermore, the p—-type area 52b is formed to sup-
press leakage current generated by the incidental pnp
structure formed between the p+-type substrate 51, the
common drain/p-collector area and the n-type area 60,
and the p-type area 61. |

The leakage-current Controlling operation has been
described before, and is not explained in detail here.

According to the third embodiment of the present
invention, a half-bridge circuit comprises a vertically-
structured p-MOS and n-IGBT an as a single semicon-
ductor.

In this case, unlike the second embodiment, the third
embodiment cannot incorporate a control circuit. How-
ever, since neither the upper nor lower arm is horizon-
tally structured, the entire circuit provides excellent in
area efficiency. Additionally, the circuit, requiring no
specific layer for electrically isolating the upper arm
from the lower arm, can be structured as a small unit,
thereby reducing production cost. Furthermore, since
no arms are horizontally structured, the performance of
the entire device does not result in deterioration of the
current amplification factor or current capacity. There-
fore, the upper and lower arms provide efficiency, and
effectively suppress leakage current.

Furthermore, since both the upper and lower arms
incorporate voltage control elements, improved switch-
ing capabilities are realized, thereby reducing electric-
ity consumption and enabling a CPU to directly drive
the circuit according to the input through the TTL.

It 1s obvious that the present invention is not limited
to the form presented by the above described embodi-
ments, but can be realized in various configurations.

What 1s claimed is:

1. A semiconductor device including a half-bridge
circuit on a single semiconductor chip comprising:

a vertically-structured p-channel insulated gate bi-
polar transistor forming an upper arm of the half-
bridge circuit, said transistor comprising: an n-col-
lector area, a p-base area, an n-base area and a
p-emitter area; and

a vertically-structured n-channel metal-oxide-silicon
transistor forming a lower arm of the half-bridge
circutt, said metal-oxide-silicon transistor compris-
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ing: a p-body area, an n-type source area and an
n-type drain area;

a shared n-type common area providing said n-collec-
tor area of the insulated gate bi-polar transistor and
said n-type drain area of the metal-oxide-silicon
transistor;

a first n-type isolation area formed on said n-type
common area separating said p-base area of the
insulated gate bi-polar transistor from said common
area;

a second n-type isolation area formed within said first
n-type isolation area, the n-type of the first and
second 1solation areas differing from each other,
and said second n-type 1solation area dividing said
first n-type isolation area into two sections which
separate said p-base of the insulated gate bi-polar
transistor from said p-body area of the metal-oxide-
silicon transistor.

2. The semiconductor device according to claim 1,

wherein

said first isolation area has an impurity density lower
than that of said common area; and

3. The semiconductor device according to claim 1,

wherein a control circuit comprising a complementary

metal-oxide-silicon (CMOS) logic device is mtegrated

within said single semiconductor chip.

sald second isolation area has an impurity density
higher than that of said first isolation area.

4. A semiconductor device comprising:

a vertically-structured p-channel insulated gate bi-
polar transistor forming an upper arm of a half-
bridge circuit; and
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a vertically-structured n-channel metal-oxide-silicon
transistor forming a lower arm of said half-bridge
circuit;

said p-channel insulated gate bi-polar transistor and
sald n-channel metal-oxide-silicon transistor being
disposed adjacently on a semiconductor substrate:

said p-channel insulated gate bi-polar transistor com-
prising:

an n-type collector area which is a common area
shared with said n-channel metal-oxide-silicon
transistor;

a first isolation area which is an n-type low impu-
rity density area provided on a first surface of
said common area;

a p-type base area provided on a surface of said first
1solation area, said first isolation area separating
sald p-type base area from said common area;

an n-type base area provided on a surface of said
p-type base area; and

a p-type emitter area provided on a surface of said
n-type base area; and

said n-channel metal-oxide-silicon transistor com-
prising:

an n-type drain area which corresponds to the
common area shared with said p-channel insu-
lated gate bi-polar transistor:

an n-type intermediate area provided on a second
surface of said common area adjacent said first
surface:

a second isolation area, which is an n-type high
impurity density area, for isolating said n-type
intermediate area from said p-type base area;

a p-type body area provided on a surface of said
n-type intermediate area; and

an n-type source area provided on a surface of said

body area.
* xK X * *
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